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I (ST) Abstract 

The orescnt invention is at least a two-component theimoplasiic elastomeric blend composition comprising at least one styrenic block 
cox^wZ^iX^ has essentidly the same comparative elasticity, high temperatun. serviceability and hardness as the 

^S?^^ uStcd copolymer portion of the composition. The composition also shows enhanced thermal suibility and 

;^^ibmty ^Holdings, films and fibers as well as for fom^ulaUng with a^halts. adbes.ves and 

sS^ TheX^^ elastomeric blend composition comprises (a) from 50 to 99 percent by weight of at least one styrenic 

b^i^copoh^^^^ 50 percent by weight of at least one homogeneously branched ethylene interpolym^ havmg a density from 

0 S Tcc^ol^^c^^ wherein'Se ethykne interpolymer in the amount employed is a substantially mert exte^^^^^ J/iirZ ITx 
iivo\ym^x and the composition is characterized as having: (i) storage moduli throughout the range of -26 C o 24 C of less than 3.5 x 
109 dScm° (ii) a ratio of storage modulus at -26 ^C to storage modulus at 24 'C of less than 4, and (m) storage moduli at -26 C 
L 2A^C^.2xo^^^ than the storage moduli at -26 'C and 24 'C. respectively, of the neat block copolymer portion of the 

composition. 
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THERMOELASTIC BLEND COMPOSITIONS 

5 This invention relates to thermoplastic elastomeric compositions containing 

substantially inert thermoelastic extenders. In particular, the invention relates to 
thermoplastic elastomeric compositions comprising styrene block polymers in blend 
combination witii homogeneous ethylene interpolymers. 

Styrene block copolymers are very versatile thermoplastic elastomers that are 
10 widely used in the industry, frequentiy for impact modification of tiiermoplastic 
resins and engineering thermoplastics or for compatibilization of different types of 
resins. Styrene block copolymers are recognized as strong, flexftle high 
performance elastomers that do not require vulcanization and yet exhibit excellent 
elasticity over a wide range of service temperatures. Due to their unique molecular 
15 structiire and versatility, styrene block copolymers are used in a wide spectrum of 
enduses such as moldable &>ods, automotive interior and exterior parts, and 
medical devices. 

Styrene block copolymers are available with linear, diblock, triblock and 
radial molecular structures. Each polymer molecule consists of a styrenic block 
20 segment and a rubber monomer block segment. The rubber segment may consist of 
saturated or unsaturated monomer units such as ethylene/butene and 
etixylene/propylene, or butadiene and isoprene, respectively. Styrene block 
copolymers having saturated rubber monomer segments typically exhibit improved 
thermal, oxidative and processing stabUity, improved clarity or transparency, better 
25 weather resistance, and higher temperature serviceability when compared to 
copolymers consisting of unsaturated rubber monomer segments. 

Although styrene block copolymers are very usehil, they have a number of 
deficiencies. These materials are relatively expensive to produce and due to tiieir 
fairly difficult manufacturing requirements are often in short supply. Blends of 
30 polymer components not readily miscible with these block copolymers, sudi as 
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conventional polyethylenes, can exhibit inferior mechanical properties, especially 
failure properties and poorer ductiUty related properties, such as tensile elongation 
at ruphire. Moreover, due to the inability of their particles or pellets to expedientiy 
melt and fuse together with the application of heat, styrene block copolymers with 
5 saturated rubber monomer segments are fairly difficult to formulate and process. 
Processiitg in conventional equipment such as, for example, a Banbury mbcer, is 
typically characterized by an initial induction or delay period which adds to 
processing costs. As another disadvantage, this delay, which in effect constitutes an 
additional heat history, can contribute to the overall titermal and processing 
10 instability of the copolymer. 

Because of high material costs, shortages and processing difficulties, it is 
desirable to provide blend components that can extend available quantities of 
styrene block copolymers without substantially altering tite key elastic properties of 
the latter. It would be further desirable to provide blends of styrene block 
15 copolymers having saturated rubber block copolymers and other polymeric 

components which maintain or improve the performance of the block copolymer 
while providing transparent blends. It would also be desirable to improve ttte U.V. 
stabiUty and abrasion resistance of styrene block copolymers having saturated 
rubber monomer segments as well as provide component materials ttxat function as 
20 processing aids or fusion promoters whereby the delay times associated with 

thermally processing styrene block copolymers having saturated rubber monomer 
segments can be substantially reduced. Further, it is desirable to improve the 
properties of block copolymers having unsaturated rubber monomer block segments 
without the higher manuf actiaring costs typically associated with block copolymers 
25 having saturated rubber monomer segments. 

There has been a long felt need to mitigate tiie above difficulties associated 
with conventional thermoplastic elastomeric materials but, unfortunately, prior art 
efforts to do so have not been entirely successful. Prior art proposals to f aciUtate tiie 
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use Of ordinary thermoelastic materials tend to involve curing Steps or 
multicomponent compositions with extensive formulating requirements. For 
example, SheU OU Company in its Kraton brochure indicates the Kraton materials 
are highly extendable presumably by specific combinations of involving fUlers, 
resins and oUs. On page 3 of the brochure, Kraton D compounds and Kraton G 
compounds are said to contain other suitable ingredients. Further, where other 
ingredients are used, including fiUers and oUs in combination or alone, it is expected 
that special handling and equipment would be required for uniform admixing with 
soUd block copolymer resins. 

Where ordinary thermoelastic materials, such as, for example, ethylene/vinyl 
acetate (EVA) copolymers, are used as single-component extenders for block 

copolymers, the elastic, rheological, stabiUty or hardness properties of the final 
composition tend to vary substantiaUy relative to neat compositions of ti^e 

respective block copolymer. Still other prior art disclosures involving ethylene/a- 
olefin interpolymers in combination with block copolymers such as, for example, 
U.S. Patent 5,272,236, which discloses blends of substantiaUy Unear ethylene 
interpolymers and styrene butadiene copolymers, and Flf ^ stir f ^TfchnQlogV ^ August 
1994, page 54, which mentions simUar blends useful for molded goods, do not teach 
the specific requirements that enable the use of such materials as substantially inert 
extenders, nor entirely resolve the deficiencies characteristic of styrene block 
copolymers. 

It has been discovered that the combination of at least one block copolymer 
and with specified amounts of at least one homogeneously branched ethylene 
interpolymer having a single DSC melt point yields a titermoplastic elastomeric 
25 composition having essentially the same elastic and hardness properties as ti^e block 
copolymer portion of the composition. Ti^ particular effect of the homogeneously 
branched ethylene interpolymer canbe described as a substantiaUy inert 
thermoelastic extender of the styrene block copolymer. 
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One aspect of the present invention is a thermoplastic elastomeric blend 
composition comprising (a) from 50 to 99 percent by weight of the total composition 
of at least one styrenic block copolymer and (b) from 1 to 50 percent by weight of the 
total composition of at least one substantially linear ethylene/a^lefin interpolymer, 
wherein the substantiaUy linear ethylene/ aolefin interpolymer comprises at least 
one C3-C20 a-olefin and is characterized as having 

i. a density from 0.855 g/cc to 0.905 g/cc, 

ii. a short chain branching distribution index (SCBDI) greater than 
50 percent, 

iii. a single melting point, as determined using differential scanning 
calorimetry (DSC). 

iv. a melt flow ratio, Iio/l2/^ 5.63, 

v. a molecular weight distribution, Mw/Mn, defined by the 
equation: Mw/M„ < (Iio/h) " 4.63 , and 

vi. a critical shear rate at onset of surface melt fracture at leastSO 
percent greater than the critical shear rate at onset of surface melt 
fracture of a linear ethylene/Ca-Cjo a-olefin interpolymer having 
about the same I2 and M^/Mn. 

Another aspect of the present invention is a thermoplastic elastomeric blend 
composition comprising (a) from 50 to 99 percent by weight of the total composiUon 
of at least one styrenic block copolymer and (b) from 1 to 50 percent by weight of the 
total composition of at least one homogeneously branched linear ethylene/a-olefin 
interpolymer, wherein the homogeneously branched linear ethylene /aK>lefin 
interpolymer comprises at least one C3-C20 a-olefin and is characterized as having 

i. a density from 0.855 g/cc to 0.905 g/cc, 

ii. a short chain branching distribution index <SCBDI) greater than 
50 percent, and 

iu. a single melting point, as determined using differential scanning 
calorimetry (DSC). 
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Another aspect of the present invention is a method of making a fabricated 
article in the form of a film, fiber and molding from the novel thermoplastic 

elastomeric composition. 

In still another aspect, the present invention provides a fabricated article in 
5 the form of a fihn, fiber or molding made from the novel thermoplastic elastomeric 

composition. 

In addition to utility as a substantially unaltered neat block copolymer, the 
novel composition also exhibits improved processabUity. Particular ethylene 
interpolymers, functioning as fusion promoters and processing aids, substantially 
10 reduce the processing delay times characteristic of styrene block copolymers having 
saturated rubber monomer uiiits. 

As still another benefit of the present invention, the novel composition also 
exhibits improved stabUity when exposed to stresses such as heat, shear and 
ultraviolet radiation relative to a comparative styrene block copolymer having 
15 unsaturated rubber monomer units. 

The functioning of select ethylene interpolymers as substantiaUy inert 
thermoelastic extenders is surprising since, although such thermoelastic polymers 
are generally elastic, their properties can differ substantially from those of block 
copolymers and good misdbiHty is achieved for the compositions even though the 
20 specific chemistries of the components are substantially different. 

While the invention is not Umited to any particular theory of operation, the 
surprising enhancements are believed to be due to tiie unique compatibiUty and 
misdbiUty obtainable with elastic, compositionally uniform homogeneously 
branched ethylene interpolymers. Such utility and improvements are not obtainable 
25 with ordinary thermoelastic materials such as, for example, etiaylene/vinyl acetate 
(EVA) copolymers even at high vinyl acetate levels, nor with ethylene interpolymers 
having polymer densities substantiaUy greater than 0.905 g/cc. 

Figure 1 is a plot of the dynamic storage modulus versus temperatiiie for 
Inventive Examples 6 and 8 and Comparative Runs 7, 9 and 10 as determined using 
30 a Rheometiics Solid Analyzer RSA-H. 



-5- 



wo 95/33006 



PCTAJS9S/06903 



15 



Figure 2 is a plot of the dynamic storage modulus versus temperature for 
inveittive Examples 6 and 8 and Comparative Runs 7, 9 and 10 as predicted based 
on weight average contributions of the component materials. 

Figure 3 is a plot of the dynamic complex viscosity versus shear rate for 
5 Inventive Examples 6 and 8 and Comparative Runs 7, 9 and 10 as determined using 
a Rheometrics Rheometer R2^800 at 190«C. 

Figure 4 is a plot of the dynamic storage modulus versus temperahire for 
Examples 6-10 as determined using a Rheometrics SoUd Analyzer RSA-H. 

Figure 5 is a plot of the dynamic storage modulus versus temperahire for 
10 Examples 6-10 as predicted based on weight average contributions of tite component 
materials. 

Figure 6 is a plot of the dynamic complex viscosity versus shear rate for 
Examples 6-10 as determined using a Rheometrics Rheometer RMS^OO at 190<'C. 
Figure 7 is a plot of the dynamic storage modulus versus temperahire for 

Inventive Examples 16 and 18 and Comparative Runs 17, 19 and 20 as determined 
using a Rheometi-ics SoUd Analyzer RSA-n. 

Figure 8 is a plot of the dynamic complex viscosity versus shear rate for 
Examples 11-15 as determined using a Rheometrics Rheometer RMS-800 at 190-C. 

Figure 9 is a plot of the dynamic storage modulus versus temperature for 
Inventive Examples 11, 22 and 23, Comparative Runs 12, 24 and 25 as determined 
using a Rheometrics SoUd Analyzer RSA-n. 

Figure 10 is a plot of the Haake torque response versus time for Comparative 
Run 17 at 240<'C as determined using Haake torque mixer. 

Figure 11 is a plot of tiie Haake torque response versus time for Inventive 
25 Example 16 at 240«'C as determined using Haake torque mixer. 

Figure 12 is a plot of the Haake torque response versus time for Example 22 at 
240''C as determined using Haake torque mixer. 

Figure 13 is a plot of tiie dynamic storage modulus versus temperahire for 
Examples 7. 23-26 as determined using a Rheometiics Solid Analyzer RSA-H. 

The novel tixermoelastic blend composition is characterized as having <a) 
storage moduli throughout the range of -26°C to 2A^C of less than 3.5 x lO^ 
dynes/cm2 (b) a ratio of storage modulus at -26«'C to storage modulus at 24''C of 



20 



30 
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less than 4, and (c) storage moduli at -26'>C and 24«C 0.2 to 3 times higher than the 
storage moduli at -26*»C and 24'»C, respectively, of the neat block copolymer portion 

of the composition. 

The styrene block copolymer has block segments of styrenic units and block 
segments of rubber monomer units such as butadiene, isoprene, hexadiene, 
pentadiene, octadiene, ethylene/propylene and ethylene/butene. The substantially 
inert thermoelastic ethylene interpolymer is a homogeneously branched ethylene 
interpolymer having a single DSC melting point, and more preferably a 
substantially Unear ethylene polymer characterized as having: 

(a) a melt flow ratio, Iio/l2/^ 5.63, 

(b) a molecular weight distribution, Mw/Mn, defined by the equation: 

Mw/Mn ^ (Iio/fe) - 4.63, and 

(c) a critical shear rate at the onset of surface melt fracture of at least SO 
percent greater than the critical shear rate at tiie onset of surface melt 
fracture of a comparative linear ethylene polymer having about the same 
I2 and Mw/Mn' 

The term "interpolymer" is used herein to indicate a copolymer, or a 
terpolymer, or the like, where, at least one other comonomer is polymerized witii 
ethylene to make the interpolymer. 

The term "thermoplastic" is xised herein to indicate polymers or polymer 
; compositions tiiat are substantially tiiermally extrudable or deformable albeit 
relatively aggressive conditions may be required. 

The term "thermoelastic" is used herein to mean a thermoplastic resin having 
elastic properties, wherein elastic properties means the resin has a thin film (ttiat is, 
i 4 mils) one percent secant modulus of less than 15,000 psi, or an elongation at 
0 break of greater than 450 percent, or the following dynamic mechanical storage 
modulus (E") properties: 

(a) storage moduli in the range of -26''C to 24°C of less titan 5 x 109 
dynes/cm2, and 
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(b) a ratio of storage modulus at -26«C to storage modulus at 24«C of less 
than 8. 

The term "elastomeric" or "elastomer" is used herein to mean a material or 
5 composition having dynamic mechanical storage moduli (F) in the range of -26«C to 
24'C of less than 3.5 x lO' dynes/cm2, and a ratio of storage modulus at -26«'C to 
storage modulus at 24»C of less than 4;wherein a "perfectly elastic" material would 
have a ratio of 1. 

The term "substantially inert thermoelastic extender" is used herein to mean a 
10 thermoelastic polymer that at specified addition amounts does not substantially 

alter either the elasticity, rheology, high temperature serviceabiUty or hardness that 
is characteristic of the neat block copolymer that is adnuxed with the thermoelastic 
polymer to prepare the novel composition of the present invention. The effect of the 
select thermoelastic polymer is such that the novel composition is characterized as 
15 having (1) storage moduli at -26'C and 24»C no less than 0,2 times lower and no 

more than 3 times higher than the storage moduli at -260C and 24«C of tiie respective 
neat block copolymer (tiiat is, storage moduli of tiie composition at -26-C and 24''C 
is 0.2 to 3 times higher than the storage moduU at and 24«C, respectively, of 
the neat block copolymer portion of the composition), (2) a dynamic complex 
20 viscosity the tiiroughout the shear rate range of 10 to 100 1/sec of 0 to 50 percent 
lower tiian the respective neat block copolymer, and (3) less than or equal to ± 3 
tanits difference in Shore A hardness (as measured by ASTM-D2240 when compared 
to the respective neat block copolymer. 

Suitable substantially inert tiiermoelastic extenders for use in preparing the 
25 thermoplastic elastomeric compositions of the present invention are homogeneously 
branched ethylene interpolymers, and more preferably substantially Unear ethylene 
interpolymers. The ethylene interpolymers also contain at least one C3-C20 a-olefin. 

The terms "ultra low density polyetiiylene" (ULDPE), "very low density 
polyethylene" (VLDPE) and "linear very low density polyethylene" (LVLDPE) have 
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been used interchangeably in the polyethylene art to designate the polymer subset 
of linear low density polyethylenes having a density less than or equal to 0.915 g/ec. 
The term "linear low density polyethylene" (LLDPE) is then appUed to those linear 
polyethylenes having a density above 0.915 g/cc. Only ethylene interpolymers 
5 having a polymer density less than 0.905 g/cc are a part of the present invention. As 
such, the family known as LLDPE is not considered a part of the present invention 
although such may be employed to affect other enhancements. 

The terms "heterogeneous" and "heterbgeneously branched" are used herein 
in the conventional sense in reference to a linear ethylene interpolymer having a 
10 comparatively low short chain branching distribution index. Ihe short chain 
branching distribution index (SCBDI) is defined as the weight percent of the 
polymer molecules having a comonomer content within 50 percent of the median 
total molar comonomer content. The short chain branching distribution index of 
polyolefins that are cry stalUzable from solutions can be determined by weU-known 
15 temperature rising elution fractionation techniques, such as those described by WUd 
et al., »f Pnlympr SriPncP ?o1v. Fhv s. Ed. Vol. 20, p. 441 (1982), L. D. Cady, 

•The Role of Comonomer Type and Distribution in LLDPE Product Performance," 
SPE Regional Technical Conference, Quaker Square Hilton, Akron, Ohio, October 1- 
2, pp. 107-119 (1985), or US Patent 4,798,081. Heterogeneously branched linear 
20 ethylene interpolymers typically have a SCBDI less than 30 percent. 

Commercial examples of heterogeneously branched Unear interpolymers 
suitable for use in the present invention include ATTANE ULDPE polymers 
supplied by the Dow Chemical Company and FLEXOMER VLDPE polymers 
supplied by Union Carbide Corporation. However, heterogeneously branched 
25 ethylene interpolymers are not a part of the present invention. 

The term "homogeneously branched" is defined herein to mean that (1) the a- 
olefin comonomer(s) is (are) randomly distributed within a given molecule, (2) 
substantially all of the copolymer molecules have the same ethylene-to-comonomer 
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ratio, (3) the interpolymer is characterized by a narrow short chain branching 
distribution where the short chain branching distribution index is greater than 30 
percent, more preferably greater than 50 percent, and (4) the interpolymer 
essentially lacks a measurable high density (crystalline) polymer fraction as 
5 measured by known fractionation techniques such as, for example, a method that 
involves polymer fractional elutions as a function of temperature. 

The homogeneously branched ethylene interpolymers for usehil admixing 
with block copolymers can be linear ethylene interpolymers, but are preferably 
selected from the class of substantiaUy linear ethylene interpolymers which have 
10 long chain branching. The homogeneously branched linear ethylene interpolymers 
useful for admbdng with block copolymers to prepare the thermoplastic elastomeric 
. composition of the present invention are ethylene polymers which do not have long 
chain branching, but do have short chain branches derived from the comonomer 
polymerized into the interpolymer which are homogeneously distributed both 
15 within the same polymer chain and between different polymer chains. Hxatis, 
homogeneously branched Unear ethylene interpolymers have an absence of long 
chain branching just as is the case for the Unear low density polyethylene polymers 
or Unear high density polyethylene polymers made using uniform branching 
distribution polymerization processes as described, for example, by Elston in US 
20 3,645,992. 

The homogeneously branched linear ethylene interpolymers are not high 
pressure, free-radical initiated polyethylene which is well-known to those skilled in 
the art to have numerous long chain branches, nor are they traditional 

heterogeneously branched linear low density polyethylene. 
25 The preparation of homogeneously branched Unear ethylene/a-olefin 

interpolymers is not a critical aspect of the present invention. Homogeneously 
branched Unear ethylene/a-olefin interpolymers can be prepared in^onventional 
polymerization processes using Ziegler-type catalysts such as, for example, 
zirconium and vanadium catalyst systems as weU as using metallocene catalyst 
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systems such as, for example, those based on hafnium. Ewen et al. disclosure in U.S. 
Pat. 4,937,299 and Tsutsui et aL disclosure in U.S. Pat. 5,218,071 are illustrative. 

Commercial examples of homogeneously branched linear interpolymers 
indude TAFMER polymers supplied by the Mitsui Chemical Company and EXACT 
5 polymers suppUed by Exxon Chemical Company. However, only those 

interpolymers that are characterized as having a SCBDI greater than 50 and a single 
DSC melt point are suitable for use in the present invention. 

The substantially Unear ethylene interpolymers used in the present invention 
are herein defined as in US Patent 5,272,236 and in US Patent 5,278,272. The 
10 substantially linear ethylene interpolymers usehJ for inertly extending sty rene block 
copolymers are those in which the comonomer is randomly distributed within a 
given interpolymer molecule and wherein substantially all of the interpolymer 
molecules have the same ethylene/comonomer ratio within ti\at interpolymer. 

The substantially linear ethylene interpolymers used in tiie present invention 
15 are a unique dass of compounds tiiat are a completely different dass of 

homogeneously branched ethylene polymers. They differ substantially from the 
well-known dass of conventional homogeneously branched linear ethylene 
interpolymers described by Elston in US Patent 3,645,992, and moreover, tiiey are 
not in the same dass as conventional heterogeneous Ziegler polymerized linear 

20 ethylene polymers (for example, ultra low density polyetitylene, linear low density 
polyetiiylene or high density polyetiiylene made, for example, using the technique 

disdosed by Anderson et al. in US Patent 4,076,698), nor are they in the same dass as 
high pressure, ftee-radical initiated highly branched high pressure polyettiylenes 
sudi as, for example, low density polyethylene (LDPE), ethylene-acrylic add (EAA) 
25 copolymers and ethylene-vinyl acetate (EVA) copolymers. 

The substantially linear ethylene interpolymers usehil in tius invention have 
exceUent processabiUty, even tiiough tiiey have relatively narrow molecular weight 
distribution. Surprisingly, tite melt flow ratio aio/l2) of tixe substantially linear 
ethylene interpolymers can be varied widely and essentially independentty of the 
30 polydispersity index (that is, the molecular weight distribution, Mw/Mn). This 
surprising behavior is completely contra to homogeneously branched linear 
ethylene interpolymers such as ttiose described, for example, by Elston in US Patent 
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3,645,992 and heterogeneously branched conventional Ziegler polymerized linear 
polyethylene interpolymers such as those described, for example, by Ai^derson et al. 
inU. S. Patent 4,076,698. Unlike, substantially Unear ethylene interpolymers, linear 
ethylene interpolymers (whether homogeneously or heterogeneously branched) 
5 have rheological properties such that as the polydispersity index increases, the I10/I2 

value also increases. 

Substantially Unear ethylene interpolymers are homogeneously branched 
ethylene polymers having long chain branching. The long chain branches have the 
same comonomer distribution as the polymer backbone and can be as long as about 
10 the same length as ihe length of the polymer backbone. The polymer backbone is 
substituted with 0.01 long chain branches/lOGO carbons to 3 long chain 
branches/1000 carbons, more preferably from 0.01 long chain branches/1000 
carbons to 1 long chain branches/1000 carbons, and especially from 0,05 long chain 
branches/1000 carbons to 1 long chain branches/ 1000 carbons. 
15 Long chain branching can be determined by conventional techniques known 

in the industry such^C nuclear magnetic resonance (NMR) spectroscopy techniques 
using, for example, the method of Randall (Rev. Macromol. Chem. Phys., C29 (2&3), 
p. 285-297). Two other meti^ods are gel permeation chromatography coupled with a 
low angle laser light scattering detector (GPC-LALLS) and gel permeation 
20 chromatography coupled witix a differential viscometer detector (GPC-DV). The use 
of these techniques for long chain branch detection and the underlying ttieories have 
been weU documented in the literatiire. See, for example, Zimm, G.H. and 
Stockmayer, W.H., J. Chem. Phys., 17, 1301 (1949) and Rudin, A., Modern Methpds 
^fp^|yn^o.ri,...rtpriration. John WUey & Sons, New York (1991) pp. 103-112. 
25 A. Willem deCroot and P. Steve Chum, both of The Dow Chemical Company, 

at the October 4, 1994 conference of tiie Federation of Analytical Chemistry and 
Spectroscopy Society (FACSS) in St. Louis, Missouri, presented data demonstirating 
ti^at GPC-DV is a useful technique for quantifying the presence of long chain 
branches in substantially linear etiiylene interpolymers. In particular, deGroot and 
30 Chum found tiiat ihe level of long chain branches in substantially linear ethylene 
homopolymer samples measured using tite Zimm-Stockmayer equation correlated 
weU with tiie level of long chain branches measured using "C NMR. 
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Further, deGroot and Chum found that the presence of octene does not 
change the hydrodynamic volume of the polyethylene samples in solution and, as 
such, one can account for the molecular weight increase attributable to octene short 
chainbranchesbyknowingthemolepercentocteneinthesample. By 
deconvoluting the contribution to molecular weight increase attributable to l-octene 
short chain branches, deGroot and Chum showed that GPC-DV may be used to 
quantify the level of long chain branches in substantially linear elhylene/octene 
function of Log(GPC Weight Average Molecular Weight) as determined by GPC-DV 
illustrates that the long chain branching aspects (but not the extent of long 
branching) of substantiaUy Unear ethylene polymers are comparable to ttiat of high 
pressure, highly branched low density polyethylene (LOPE) and are clearly distinct 
from ethylene polymers produced using Ziegler-type catalysts such as titanium 
complexes and ordinary homogeneous catalysts such as hafnium and vanadium 
complexes. 

For substantially linear ethylene interpolymers, the long chain branch is 
longer than the short chainbranch that results from the incorporation of the a- 
olefin(s) into the polymer backbone. The empirical effect of the presence of long 
chain branching in the substantial Unear ethylene interpolymers used in the 
invention is manifested as enhanced rheological properties which are quantified and 
expressed herein in terms of gas extrusion rheometry (GER) results and/or melt 
flow, Iio/l2/ increases. 

In contrast to the term "substantiaUy Unear ethylene polymer", the term 
"Unear ethylene polymer" means that the polymer lacks measurable or demonsbrable 
long chain branches, that is, the polymer is substihited with an average of less ttian 

0.01 long branch/1000 carbons. 

Suitable unsaturated comonomers useful for polymerizing with ethylene to 
prepare suitable homogeneously branched ethylene interpolymers are ethylenicaUy 
unsaturated monomers. Such comonomers are Ca^Ijo a-olefins such as propylene, 
isobutylene, 1-butene, 1-hexene, 4-methyl-l-pentene, 1-heptene, 1-octene, 1-nonene, 
) 1-decene. Preferred comonomers include propylene, 1-butene, 1-hexene, 4-methyl- 
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l-pentene and 1-octene, and 1-octene is especially preferred. Other monomers that 
can be polymerized with ethylene in addition to at least one C3-C20 a-olefin include 
styrene, halo- or alkyl-substituted styrenes, tetrafluoroethylenes, 
vinylbenzocydobutanes, butadienes, isoprenes, pentadienes, hexadienes, octadienes, 
5 and cydoalkenes, for example, cydopentene, cydohexene and cydooctene. 
Typically, the homogeneously brandied ethylene interpolymer is a copolymer, 
wherein ethylene is copolymerized with one C3-C20 a-olefin. Most preferably, the 
homogeneously brandied ethylene interpolymer is a copolymer of ethylene and 1- 
octene. 

10 The density of the ethylene interpolymers for use in the present invention, as 

measured in accordance with ASTM D-792, is generally in the range from 0^5 
grams/cubic centimeter (g/cc) to 0.905 g/cc, preferably 0.86 g/cc to 0.89 g/cc, more 
preferably 0.865 g/cc to 0.885 g/cc. The density Umitation is critical for obtaining 
the required compatibility and inertness of the ethylene interpolymer. At densities 

15 above 0.905 g/cc, ethylene interpolymers are generally non-elastomeric. At 

densities below 0.855 g/cc, the iriterpolymer is fairly tacky and difficult to process 
aiul handle. 

The molecular weight of tiie ethylene interpolymers is conveniently indicated 
using a melt index measurement according to ASTM D-1238, Condition 190<'C/2.16 
kilogram (kg), formerly known as "Condition E" and also known as I2. Melt index is 
irtversely proportional to the molecular weight of ihe polymer. Thus, ttie higher the 
molecular weight, tiie lower the meh index, altivough tite relationship is not linear. 
The melt index for the etixylene interpolymers usehil herein is generally from 0.01 
gram/10 minutes (g/10 min.) to 100 g/10 min., preferably from 0.1 g/10 min. to 40 
25 g/10 min., and especially from 1 g/10 min. to 10 g/10 min. 

Other measurements usehd in diaracterizing the molecular weight of 
ethylene mterpolymers involve melt index determinations with higher weights, sudx 
as, for common example, ASTM D-1238, Condition WO^C/IO kg<formerly known as 



20 
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"Condition N" and also known as ho). "Melt flow ratio" is defined herein as the ratio 
of a higher weight melt index determination to a lower weight determination, and 
for measured ho and the I2 melt index values, the melt flow ratio is conveniently 
designated as ho/fe- The ho/b of both heterogeneous and homogeneously 
5 branched Unear ethylene interpplymers is generally greater than 7. 

Unlike the linear ethylene interpolymers used in tiie present invention which 
possess no substantial long chain branching, for the substantially linear ethylene 
interpolymers used herein, the melt flow ratio actuaUy indicates the degree of long 
chain branching, that is, tire higher the ho/b melt flow ratio, tiie more long chain 
10 branching in the polymer. The ho/b ratio of the substantially linear etiiylene 
interpolymers is preferably at least 5.63, and especially from 5.63 to 20, and most 

especially from 6 to 15. 

The "rheological processing index" (PI) which is defined herein as tiie 
apparent viscosity in kpoise of a polymer measured by a gas extrusion rheometer 
15 (GER), can also be used to distinguish substantially linear ethylene interpolymers. 
The gas extrusion rheometer is described by M. Shida, R.N. Shroff and L.V. Cando 
;^p^^^^f>.p^^n..Hn^ Science. Vol. 17, No. 11, p. 770 (1977), and in "Rheometers 
for Molten Plastics" by John Dealy, published by Van Nostirand Reinhold Co. (1982) 
on pp. 97-99. GER experiments are performed at a temperature of 190^, at nitrogen 
20 pressures between 250 to 5500 psig (17-379 bars) using a 0.754 mm diameter, .20:l 
L/D die witii an entrance angle of 180°. For the substantiaUy linear ethylene 
polymers used herein, the PI is the apparent viscosity (in kpoise) of a material 
measured by GER at an apparent shear stiress of 2.15 x 10^ dyne/cm2. The unique 
substantially linear ethylene interpolymers described herein preferably have a PI in 
25 the range of 0.01 kpoise to 50 kpoise, preferably 15 kpoise or less. The substantially 
linear ethylene interpolymers used herein have a PI less tiian or equal to 70 percent 
of tiie PI of a comparative linear etiiylene interpolymer (for example, a 
homogeneously branched Unear interpolymer as described by Elston in US Patent 
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3,645,992, or suppUed by Exxon Chemical Company as EXACT, or supplied by 
Mitsui Chemical Company as TAFMER) having about the same I2 and Mw/Mn- 
To more fully characterize the unique rheological behavior of substantiaUy 
linear ethylene interpolymers, S. Lai and G.W. Knight recently introdixced (AMIEC 
5 'Q^ P.^ppdin«. INSriETM Technology Polyolefins (TIP) - New Rules in the 

Struchire/Rheology Relationship of Ethylene aOlefin Copolymers, New Orleans, 
La., May 1993) another rheological measurement, the Dow Rheology Index (DRI), 
wWch expresses a polymer's "normaUzed relaxation time as the result of long chain 
branching." DRI ranges from 0 for polymers which do not have any measurable 
10 longchainbranching(forexample,TAFMERandEXACTproducls)tol5andis 

independent of melt index. In general, for low to medium pressure ethylene 
polymers (particularly at lower densities) DRI provides improved correlations to 
melt elasticity and high shear flowabUity relative to correlations of the same 
attempted with melt flow ratios, and for the substantially Unear ethylene 

15 interpolymers of this invention, DRI is preferably at least 0.1, and especially at least 
0.5, and most especially at least 0.8. DRI can be calculated from the equation: 

DRI = (3652879 •V^VTlo -1)/10 

20 where To is the characteristic relaxation time of ihe material and Tlo is ttte zero shear 
viscosity of the material. Botix to and T^o are the "best fit" values to tite Cross 
equation, that is 

where n is the power law index of the material, and Tl and Y are ti^e measured 
25 viscosity and shear rate, respectively. Baseline determination of viscosity and shear 
rate data are obtained using a Rheometrics Mechanical Spectrometer (RMS-800) 
under dynamic sweep mode from 0.1 to 100 radians/second at I6O0 C and a Gas 
Extrusion Rheometer (GER) at extrusion pressures from 1,000 psi to 5,000 psi 
(corresponding shear stress from 0.086 to 0.43 MPa) using a 0.754 miUimeter 
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diameter, 20:1 L/D die at 190*' C. Specific material determinations can be performed 
from 140 to 190* C as required to accommodate melt index variations. 

An apparent shear stress versus apparent shear rate plot is used to identify 
the "melt fracture" phenomena which pertains to surface irregularities. According to 
Ramamurthy in the Jp».^.i l^hpolo^v. 30(2), 337-357, 1986, above a certain critical 
shear rate, the observed extrudate irregularities may be broadly classified into two 
main types: surface melt fracture and gross melt fracture. 

Surface melt fracture occurs under apparently steady flow conditions and 
ranges in detail from loss of specular film gloss to the more severe form of 
"sharkskin." In this disclosure, the onset of surface melt frachire (OSMF) is 
characterized at the beginning of losing extrudate gloss at which the surface 
roughness of the extrudate can only be detected by 40x magnification. The aitical 
shear rate at the onset of surface melt fracture for the substantially linear ethylene 
interpolymers is at least 50 percent greater than the critical shear rate at the onset of 
surface melt fracture of a comparative linear ethylene interpolymer (for example, a 
homogeneously branched linear interpolymer as described by Elston in US Patent 
3,645,992) having about the same I2 and Mw/Mn- 

Gross melt fracture occurs at unsteady extrusion flow conditions, and ranges 
in detail from regular (alternating rough and smooth, heUcal, etc.) to random 
distortions. For commercial acceptabiUty, (for example, for use as films, coatings 
and moldings), surface defects should be minimal, if not absent, for good 
film/molding quaUty and overall properties. The critical shear stress at the onset of 
gross melt frachire for the substantially linear ethylene interpolymers used in the 
present invention is greater than 4 x 10^ dynes/cm2 The critical shear rate at the 
5 onset of surface melt fracture (OSMF) and the onset of gross melt fracture (OGMF) 
will be used herein based on the changes of surface roughness and configurations of 
the extrudates extruded by a GER 
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The distribution of comonomer branches for ethylene interpolymers is 
characterized by its SCBDI (Short Chain Branch Distribution Index) or CDBI 
(Composition Distribution Branch Index) and is defined as the weight percent of the 
polymer molecules having a comonomer content within 50 percent of the median 

5 total molar comonomer content. The CDBI of a polymer is readily calculated from 
data obtained from techniques known in the art, such as, for example, temperature 
rising elution fractionation (abbreviated herein as 'TREF") as described, for example, 
by Wild et aL, Tr»^»^i »f PnlvmPr Snenrp Folv- Fhvs. Ed.> Vol. 20, p. 441 (1982), or 
in US Patent 4,798,081. The SCBDI or CDBI for the substantially Unear ethylene 

10 interpolymer and the homogeneously branched linear ethylene interpolymer used in 
the present invention is preferably greater than30 percent and espedaUy greater 
than 50 percent. 

The substantiaUy linear ethylene interpolymer and the homogeneously 
branched Unear ethylene interpolymer used in this invention essentially lack a 
15 measurable "high density" fraction as measured by thie TREF technique. These 

homogeneously branched ethylene uiterpolymers do not contain a polymer fraction 
with a degree of branching less than or equal to 2 methyls/1000 carbons. 

The "high density polymer fraction" can also be described as a polymer 
fraction with a degree of branching less than 2 metiiyls/1000 carbons. Among other 
20 benefits, the lack of high density polymer fraction permits enhanced elasticity for tiie 
mterpolymers tiiemselves and improved compatibility when admbced with tiie 
block copolymer of the present invention. 

The homogeneously branched ethylene interpolymers used in tiie present 
invention, and the preferred substantiaUy Unear ethylene interpolymers, are also 
25 characterized by a single DSC melting peak. However, for substantially Unear 

ethylene interpolymers having a density in tiie range of 0.875 g/cc to 0.905 g/cc, tiie 

single melting peak may show, depending on DSC equipment sensitivity, a 

• shoulder" or a "hump" on it's low melting side tiiat constitutes less than 12 percent. 
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typicaUy, less than 9 percent, and more typicaUy less than of 6 percent of the total 
heat of fusion of the polymer. This artifact is beUeved to be due to intra-polymer 
chain variations and is discerned on the basis of the slope of the single melting peak 
varying monotonically through the melting region of the artifact. Such artifacts 
5 occur within 34«>C typically within 27«>C and more typically within 20'>C of the 
melting point of the single melting peak. The single melting peak is determined 
using a differential scanning calorimeter standardized with indium and deionized 
water. The method involves 5-7 mg sample sizes, a "first heat" to 1800C which is 
held for 4 minutes, a cool down at lOVmin. to .30«>C which is held for 3 minutes, 
10 and heat up at lO^C/min. to 140«>C for the "second heat". The single melting peak is 
taken from the "second heat" heat flow vs. temperati^re curve. Total heat of fusion of 
the polymer is calculated from the area under the curve. The heat of fusion 
attributable to tius artifact, if present, can be determined using an analytical balance 
and weight-percent calculations. 
15 The molecular weight distribution of the etiiylene interpolymers used in tite 

present invention are determined by gel permeation chromatography (GPC) on a 
Waters 150 high temperature chromatographic unit equipped wittx a differential 
refractometer and three columns of mbced porosity. The columns are supplied by 
Polymer Laboratories and are commonly packed witti pore sizes of 10^, 10*, lO^ and 
20 l06A.-niesolventislA4-trichlorobenzene,fromwhich0.3percentbyweight 

solutionsofti^einterpolymersamplesarepreparedforinjection. The flow rate is 1.0 
milliUter/minute and ^ operating temperatiire is 140«> C with a 100-microliter 
injection size. 

The molecular weight determination witix respect to the polymer backbone is 
25 deduced by using narrow molecular weight distribution polystyrene standards 
(from Polymer Laboratories) in conjunction witii their elution volumes. The 
equivalent polyetixylene molecular weights are determined by using appropriate 
Mark-Houwink coefficients for polyethylene and polystyrene <as described by 
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WUliams and Ward Jm-"''^ Polvmpr Science. Polymer Letters, Vol. 6, p. 621, 
1968 to derive the following equation: 

Mpolyethylene = a * (Mpolystyrene)^. 

5 

In this equation, a = 0.4316 and b = 1.0. Weight average molecular weight, 
is calculated in the usual manner according to the following formula: M« = X 
wi» Mi, where wi and 1^ are the weight fraction and molecular weight, respectively, 
of the i**» fraction eluting from the GPC column. 
10 For the substantially inert ethylene interpolymers used in the present 

invention (that is, substantiaUy linear ethylene interpolymers and homogeneously 
branched Unear ethylene polymers), the Mw/Mn is from 1.5 to 2.5. 

Single site polymerization catalysts, for example, the monocydo-pentadienyl 
transition metal olefin polymerization catalysts described by Canich in US Patent 
15 5,026,798 or by Canich in US Patent 5,055,438, or described by Stevens et al. in US 
Patent 5,064,802, can be used to polymerize the substantially Unear ethylene 
interpolymers, so long as the catalysts are used consistent with the methods 
described in U.S. Patent 5,2727,236 and in US. Patent 5,278,272. Such 
polymerization methods are also described in PCT/US 92/08812, fUed October 15, 
20 1992. However, substantially linear ethylene interpolymers are preferably made by 
using suitable constrained geometry catalysts, especially constrained geometry 
catalysts as disclosed in US Application Serial Nos.: 545,403, fUed July 3, 1990; 
758,654, fUed September 12, 1991, now issued U.S. Patent 5,132^80; and 758,660, 

filed September 12, 1991. 
25 Suitable cocatalysts for use herein include but are not limited to, for example, 

polymeric or oUgomeric aluminoxanes, especially methyl aluminoxane or modified 
methyl aluminoxane (made, for example, as described in US Patent 5,041;584, US 
Patent 4,544,762, US Patent 5,015,749, and/or US Patent 5,041,585 as weU as inert. 
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compatible, non-coordinating, ion forming compounds. Preferred cocatalysts are 
inert, non-coordinating, boron compounds. 

The polymerization conditions for manufacturing the homogeneously 
branched ethylene interpolymers used herein are preferably those useful in tite 
5 solution polymerization process, although the application of the present invention is 
not limited thereto. Slurry and gas phase polymerization processes are also useful 
for preparing suitable homogeneously branched interpolymers, provided the proper 
catalysts and polymerization conditions are employed. Preferably, for substantially 
linear ethylene interpolymers, the polymerization is performed in a continuous 

10 solution polymerization proc«ss. 

Multiple reactor polymerization processes can also be used in making the 
homogeneously branched ethylene interpolymers of the present invention, such as 
those processes disclosed in copending appUcations serial number 07/815,716, fUed 
December 30, 1991 and serial number 08/010,958, filed January 29, 1993, and in US 

15 Patent 3,914^42. The multiple reactors can be operated in series or in parallel or a 
combination thereof and/or with different catalysts employed in the different 

reactors. 

Hie term "block copolymer" is used herein to mean elastomers having at least 
one block segment of a hard polymer unit and at least one block segment of a rubber 
monomer unit. However, the term is not intended to include thermoelastic ethylene 
interpolymers which are, in general, random polymers. Preferred block copolymers 
contain hard segments of styrenic type polymers in combination witix saturated or 
unsaturated rubber monomer segments, live structure of tixe block copolymers 
useful in the present invention is not critical and can be of the linear or radial type, 
25 either diblock or triblock, or any combination of hereof. Preferably, the 

predominant struchire is that of triblocks and more preferably that of linear 
triblocks. 



20 
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The preparation of the block copolymers usehil herein is not the subject of the 
present invention. Methods for the preparation of such block copolymers are 
known in the art. Suitable catalysts for the preparation of useful block copolymers 
with unsaturated rubber monomer units include lithium based catalysts and 

5 espedaUy lithium-alkyls. U.S. Pat. No. 3^95,942 describes suitable methods for 

hydrogenation of block copolymers with unsaturated rubber monomer units to from 
block copolymers with saturated rubber monomer units. The structure of the 
polymers is determined by their methods of polymerization. For example, linear 
polymers result by sequential introduction of the desired rubber monomer into the 

10 reaction vessel when using such initiators as Uthium-alkyls or diUthiostUbene, or by 
coupUng a two segment block copolymer with a difunctional coupUng agent. 
Branched structures, on the other hand, may be obtained by the use of suitable 
coupling agents having a functionality with respect to the block copolymers with 
unsaturated rubber monomer units of three or more. CoupUng may be effected with 
15 multifunctional coupUng agents such as dihaloalkanes or alkenes and divinyl 

benzene as weU as with certain polar compounds such as sUicon haUdes, siloxanes 
or esters of monohydric alcohols with carboxyUc acids. The presence of any 
coupUng residues in the polymer may be ignored for an adequate description of the 
block copolymers forming a part of tiie composition of this invention. 
20 Suitable block copolymers having unsaturated rubber monomer units 

includes, but is not Umited to, styrene-butadiene (SB), styrene-isoprene(SI), styrene- 
butadiene-styrene (BBS), styrene-isoprene-styrene (SIS), a-methylstyrene4,utadiene- 
a-methylstyrene and a-methylstyrene-isoprene-a-metitylstyrene. 

The styrenic portion of tiie block copolymer is preferably a polymer or 
25 interpolymer of styrene and its analogs and homologs including a-methylstyrene 
and ring-substituted styrenes, particularly ring-methylated styrenes. The preferred 
styrenics are styrene and a-methylstyrene, and styrene is particularly preferred. 
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Block copolymers with unsaturated rubber monomer uiuts may comprise 
homopolymers of butadiene or isoprene and copolymers of one or both of these two 
dienes with a minor amoxmt of styrenic monomer. When the monomer employed is 
butadiene, it is preferred that between 35 and 55 mol percent of the condensed 
5 butadiene units in the butadiene polymer block have 1,2 configuration. Thus, when 
such a block is hydrogenated, the resulting product is, or resembles a regular 
copolymer block of ethylene and 1-butene (EB). If the conjugated diene employed is 
isoprene, the resulting hydrogenated product is or resembles a regular copolymer 
block of ethylene and propylene (EP). Preferred block copolymers with saturated 
10 rubber monomer units comprise at least one segment of a styrenic unit and at least 
one segment of an ethylene-butene or ethyleiie-propylcne copolymer. Preferred 
examples of such block copolymers with saturated rubber monomer units include 
styrene/ethylene-butene copolymers, styrene/ethylene-propylene copolymers, 
styrcne/ethylene-butene/styrene (SEBS) copolymers, and styrene/ethylene- 
15 propylene/styrene (SEPS) copolymers. 

Hydrogenation of block copolymers with unsaturated rubber monomer units 
is preferably effected by use of a catalyst comprising the reaction products of an 
aluminum alkyl compound with nickel or cobalt carboxylates or alkoxides under 
such conditions as to substantially completely hydrogenate at least 80 percent of the 
20 aliphatic double bonds while hy drogenating no more than 25 percent of the styrenic 
aromatic double bonds. Preferred block copolymers are those where at least 99 
percent of the aUphatic double bonds are hydrogenated while less than 5 percent of 

the aromatic double bonds are hydrogeiwted. 

The proportion of the styrenic blocks is generally between 8 and 65 percent 

25 by weight of the total weight of the block copolymer. Preferably, the block 

copolymers contain from 10 to 35 weight percent of styrenic block segments and 
from 90 to 65 weight percent of rubber monomer block segments, based on the total 
weight of the block copolymer. 
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The average molecular weights of the mdividual blocks may vary within 
certain limits. In most instances, the styrenic block segments wUl have number 
average molecular weights in the range of 5,000 to 125,000, preferably from 7,000 to 
60,000 whHe the rubber monomer block segments will have average molecular 
weights in the range of 10,000 to 300,000, preferably from 30,000 to 150,000. The 
total average molecular weight of the block copolymer is typically in the range of 
25,000 to 250,000, preferably from 35,000 to 200,000. These molecular weights are 
most accurately determined by tritium counting methods or osmotic pressure 
measurements. 

Further, the various block copolymers suitable for use in the present 
invention may be modified by graft incorporation of minor amounts of functional 

groups, such as, for example, maleic anhydride by any of the methods well known 

in the art. 

Block copolymers useful in the present invention are commercially avaUable, 
such as, for example, supplied by SheU Chemical Company under the designation of 
KRATON and supplied by Dexco Polymers under the designation of VECTOR. 

Generally, ti\e novel thermoplastic elastomeric composition of tiie present 
invention comprises (a) from 50 to 99 percent by weight of the total composition of 
at least one block copolymer and (b) from 1 to 50 percent by weight of the total 
composition of at least one ethylene interpolymer. Preferably, the novel 
composition comprises (a) from 60 to 95, and most preferably, from 70 to 90 percent 
by weight of the total composition of at least one block copolymer and (b) from 5 to 
40, and most preferably, from 10 to 30 percent by weight of the total composition of 
at least one ethylene interpolymer. 

The novel tiiermoplastic elastomeric compositions of the present invention 

are further characterized as having: 

(a) a storage modulus (E') throughout the range of -26«C to 

24«'C of less than 3.5 x 10' dynes/cm2, more preferably less tiian 3 x 10^ 
dynes/cm2 
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(b) a ratio of storage modulus at -26«C to storage modulus at lA^'C of less 
than 4, preferably less than 3, and 

(c) storage moduli at -26°C and 24*'C 0.2 to 3 times, preferably 0.25 to 2.6 
times, more preferably 0.4 to 2.2 times higher than the storage moduli 
at -26°C and 24''C, respectively, of tiie neat block copolymer portion of 
the composition. 

Additives such as antioxidants (for example, hindered phenolics (for 
example, Irganox 1010), phosphites (for example, Irgafos 168)), ding additives (for 
example, polyisobutylene), antiblbck additives, colorants, pigments, waxes, 
nucleating agents, extender oUs, fUlers, and tackifers can also be included in the 
present compositions, to the extent that they do not interfere witii tiie substantial 
inertness or other enhancements discovered by Applicants. 

The compositions of the present invention are compounded by any 
convenient method, including dry blending the individual components and 
subsequentiy melt mixing, either directiy in the extruder used to make the finished 
article, or by pre-melt mixing in a separate extruder or mixer such as, for example, a 

Haake unit or a Banbury mixer. 

The novel compositions of the present invention can be fabricated into articles 
such as fibers, fihns, coatings and moldings by any of the known methods in the art 
suitable for thermoplastic compositions. The novel compositions arc particularly 
suitable for preparing fabricated articles from molding operations. Suitable molding 
operations for forming useful fabricated articles or parts from tiie novel 
compositions, including various injection molding processes (for example, that 
described in Modern Plastics Encyclopedia/89, Mid October 1988 Issue, Volume 65, 
Number 11, on pp. 264-268, "Introduction to Injection Molding" and on pp. 270-271, 
"Injection Molding Thermoplastics" blow molding processes (for example, that 
described in Modem Plastics Encyclopedia /89, Mid October 1988 Issue, Volume «5, 
Number 11, on pp. 217-218, "Extrusion-Blow Molding") and profile extirusion. 
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Some of the fabricated articles include sporting goods such as wet suits and 
golf grips, containers such as for food or other household articles, footwear counters, 
uppers and soles, automotive articles such as fada, trim and side molding, medical 
goods such as gloves, tubing, IV bags and artificial Umbs, industrial goods such as 
gaskets and tool grips, personal care items such as elastic films and fibers for 
diapers, textiles such as nonwoven fabrics, electronic goods such as key pads and 
cable jacketing, and construction goods such as roofing materials and expansiori 
joint materials. 

The present novel composition is also useful as a compounding ingredient or 
additive for such uses as asphalt modifications for crack repairing and roofing, 
polymer processing, impact and surface modifications, sealant and adhesive 
formulations, oU gel viscosity modifications and rubber extender/binder 
compotmding. 

The novel compositions of the present invention can also be further combined 
with other natiiral or synthetic resins to hnprove ottter properties. Suitable natural 
or syntiietic resins include, but are not limited to, rubbers, linear low density 
polyetixylene (LLDPE), high density polyethylene (HDPE), low density polyethylene 
(LDPE), etiiylene-vinyl acetate copolymer (EVA), ethylene-carboxylic add 
copolymers, ethylene acrylate copolymers, polybutylene (PB), nylons, 
polycarbonates, polyesters, polypropylene, ethylene-propylene interpolymers such 
as etiiylene-propylene rubber, EPDM, chlorinated polyetitylene, thermoplastic 

vulcanates, polyurethanes, as well as graft-modified olefin polymers, and 

combinations thereof. 

The invention will be furttier iUustrated by means of tiie following examples 

without limiting the invention thereto. 
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F.xflmplgs 

In various evaluations several different types of block copolymers and 
thermoelastic polymers were studied to determined their individual and combined 
properties. Property testing and determinations included elastic and rheology as 
measured by dynamic mechanical and dynamic rheological techniques. Shore A 
hardness and processibiUty and process stabiUty as measured by Haake torque 
technique. The description of the various block copolymers and thermoelastic 
polymers that were studied are listed below. 
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Polymer 
VECTOR 850» 

VECTOR 4211 

KRATONG1650 

ENGAGE EG8100 



ENGAGE EG8200 



TAFMERP048d 



EXACT 3027 



ATTANE4203 



EVA 



Description 

a styrene-butadiene-styrene block copolymer 
containing 28 percent styrene by weight and 
having a melt flow rate of 12 

a styrene-isoprene-styrene block copolymer 
conuining 30 percent styrene by weight and 
having a melt flow rate of 13 

a styrene-ethylene-butene-styrene block 
copolymer containing 29 percent styrene by 
weight and having a mdt flow rate of less tt«n 
0.1 

a thermoelastic substentlally linear ethylene/1- 
octene copolymer prepared using a constramed 

geometry catalyst system according to ^ 

procedures disclosed in US. Patents 

and 5,278;236 and having a density of 0S7 g/cc 

and a melt index, I2. of 1 g/10 minutes 

a thermoelastic substantially linear ethylene/1- 
octene copolymer prepared using a constramed 
geometry catalyst system according 
procedures disclosed in U5. Patents 5,272^6 

and 5^78,236 and having a density of 037 g/cc 
and a melt index, I2, of 5 g/10 minutes 

a thermoelastic homogeneously branched linear 
ettiylene/propylene copolymer believed to be 
prepared using a vanadium catalyst system and 
having a density of 0.87 g/cc and melt index, h, 
of 1.0 g/10 minutes 

a thermoelastic homogeneously branched linear 
ethylene/butene copolymer believed to be 
prepared using a single-site catalyst system and 
having a melt index, I2, of 3.2 g/10 minutes and 
a density of 0.902 g/cc 

a thermoelastic heterogeneously branched 
linear ethylene/l-octene interpolymer prepared 
using a conventional Ziegler catalyst system 
and having a density of 0.905 g/cc and melt 
index, h, of 0.8 g/10 minutes 

thermoelastic ethylene/vinyl acetate (EVA) 
copolymer containing 18 percent by weight 
vinyl acetate and having a melt index, I^ of 3 
g/10 minutes and a density of 0.951 g/ cc 



Supplier 



9iell Chennical 
Company 



The Dow Chennical 
Company. 



The Dow Chemical 
Company 



Mitsui Chemical 
Company 



Exxon Chemical 
Company 



The Dow Chemical 
Company 
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^""^"^ Buss ko-kneader MDK 46 (15 kg/hour throughput, barrel temperature 
220°C screw temperature 150«C die temperature 210«'C) several thermoplastic 
elastomeric blend compositions were prepared using Engage EG8100, an 
ethylene/l-t>ctene copolymer prepared according to the procedures given in U.S. 
Patent 5,278^72 and having a density of 0.87 g/cc and a melt index (I^) of 1 g/10 
inin. (E-l-O) and a Kraton G1650 (S-EB-S triblock) copolymer in the weight ratios 
25/75, 50/50, 75/25. The strands of blended extrudate were coUected, cut, and 
dried at 65''C for 6 hours and then compression molded into Izod specimen bars (60 
X 12.5 X 3.2 mm). The storage modulus was determined at -30«C and 30-C for each 
one of the blends as well as for the neat components using dynamic mechanical 
spectroscopy techniques as outlined in ASTM IM065. Measurements were made 
using a Rheometrics model 800 apparatus in soUd state torsion rectangular test 
geometry, for a heating ramp of 2'>C/min from -ISOOC to -k50«>C, with 0.1 percent 
torsional strain and 10 rads/sec fixed forced frequency. The samples used were 
rectangular compression moulded test bars of 2.8 mm x 12.7 mm x 60 mm. The 
gauge length, that is the distance between the clamps holding the sample during 
testing,was46mm. Theresultsareshownin Table 1: 



Table 1 



Example/ 
Comparative 
Run 


ENGAGE 
EG8100/ 
KRATON G1650 
Weight Percent 


-3orc 

Mpa X 10' 
dynes/cm^ 


30°C 
Mpa X 10* 
dynes/cm* 


Ratio 
Modulus at -SO'C 
Modulus at 30°C 


1 


75/25 


17.2 


2.97 


5.99 


2* 


100/0 


25.6 


3.06 


8.36 


3 


. 50/50 


10.5 


235 


4.46 


4* 


25/75 


6.14 


1.86 


3.30 


5* 


0/100 


3.15 


1.26 


2.50 



•Comparative example only; not an example of the present invention. 
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These data show that the -30*0 storage modulus and the ratio of the storage 
moduli at the two temperatures of the compositions do not increase as rapidly as 
would be predicted based on the weighted contributions of the two components. 
The compositions are more elastomeric than predicted. A low modulus ratio 
indicates that a polymeric composition possesses a more constant rigidity over the 
selected temperature range, which is important for products that should maintain 
shape and performance over a wide temperature range- 
According to the same procedure as in Example 1 several compositions were 
made to determine the transparency and certain physical properties thereof. The 
transparency was determined by visual inspection designating on a qualitative scale 
the number 0 to opaque blends and the number 5 to the S-EB-S copolymer. Shore D 
Hardness was determined according to DIN 53505 (BO 868). The Tensile properties 
were determined according to ASTM 683-84 on type 4 dogbone specimens, size 12.7 
X 3.2 X 170 mm. The test specimens were compression molded at 190''C. The test 
speed was 50 mm/mm. The Secant Modulus is defined as the tangent of the stress 
strain curve at 2 percent strain. The Yield Stress is defined as the stress at the point 
where the tangent ( of the stress/strain curve is 0.301. The peak stress is defined as 
the maximum stress in a tensUe stress-strain curve before or at rupture. The 
percentage elongation is the maximum elongation obtained at rupture. The results 
are shown in Table 2. 

Table 2 



Example/ Transparency Shore D Yield 
Comparative 

Run (^«) 



Peak Secant Percent 
Stress Modulus Elongation 
(MPa) (Mpa) 



1 


4 


10 


0.6 


33 


4.3 


>600 


2* 


5 


8 


0.3 


2.9 


3.6 


>600 


3 


4 


10 


0.7 


2.8 


5.8 


>600 


4* 


4 


11 


1.0 


4.6 


7.9 


>600 


5* 


3 


12 


1.2 


5.8 


9.7 


>600 



♦Comparative example only; not an example of the present invenhon. 
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The data in Table 2 show that at 50 percent or less of the substantially Unear 
interpolymer a reasonably low Shore hardness is maintained, whereas the peak 
stress is fairly constant. All the compositions are more transparent than the 
5 substantially Unear interpolymer itself. Especially the compositions containing no 
more than 50 weight percent of substantiaUy liner interpolymer showed the low 
peak and yield stress values that are desired for elastomeric materials. 

In another evaluation, blends of the various thermoelastic polymer with 
styrene block copolymers were prepared using a Haake mixer. Blends of 
10 thermoelastic polymers with VECTOR 8508 and VECTOR 4211 were prepared at 

170-C for 7 minutes at 60 rpm. The resins were dry blended before introduction into 
a Haake mixer. Antioxidant (Irganox B900) at 2000 ppm level was also added to the 
Haake mixing bowl. Blends of thermoelastic polymer with KRATON G1650 were 
prepared at 220''C for 7 minutes at 60 rpm. A thin compression molded plaque of 
15 partially fused KRATON G1650 was prepared at 200-C using a melt press. Strips of 
the plaque were added to the molten thermoelastic polymer already present in the 
mixing bowl. 

Samples for dynamic rheology studies were prepared in the form of circular 
disks using Haake torque blend compositions or from melt pressed pellets of the 
20 block copolymers as controls (that is, no Haake torque exposure). The samples were 
prepared at 190-C and were air-cooled to ambient room temperature of 23'»C. 

Samples for dynamic mechanical studies were prepared in the form of thin 
films (that is, 15-20 mU (3.8-5.1 mm) thick) from the Haake blend or from melt 
pressed pellets of the block copolymers as controls (that is, no Haake torque 
25 exposure). The samples were prepared at WO^C and were cooled at IS-C/min to 
ambient room temperature of 23**C: 

The dynamic rheological properties of the samples were studied using a 
Rheometrics RMS-800 rheometer. The frequency was varied from 0.1 
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radiam/second to 100 radian/second whHe the sample/umt tempecalure was 
^intained at 190^ in a nitrogen atmosphere. A strain of 15 percent was also used 
for the dynamic rheology measurement. In a few cases where the viscosity of resms 
or blend composition were high, the strain was maintained at 5 percent. Accordmg 
«, the Cox-Mertz rule, the complex viscosity versus frequency data measured using 
^ dynamic shear rheology was about equivalent to the shear viscosity versus shear 
rate data, and as such, can provide useful information regarding the rheological 
properties of the resins and resultant blend mmpositions. 

The dynamic mechanical properties of the samples were studied using 
Rheometrics SoBds analyzer KSA-n. The dynamic mechanical properties of the 
sample were measured at 5°C increments in a nitrogen atmosphere over a 
temperature range of -12(K to highest possible temperahire at which sample either 
substantially melts or deforms, "n* experiments were conducted at a frequency of 
10 radians/second and an initial strain of 7.0 x 10^ percent. The sample dimensK«» 
were measured arul were used in the calculations. The gauge length, that is the 

distance between the clamps holding the sample during testing, was 22 mm. 
to a Haake mixing bowl, several thermoplastic blend compositions were 

prepared using ENGAGE EG8200 and VECTOR 8508. The blends consisted of 
VECTOR 8508 ««i ENGAGE EG820O at weight percent ratios of 25/75, 50/50 and 
75/25, and were prepared at 170^= and collected from the Haake mixing bowl after 
a total mixing time of 6 to 7 minutes. The samples were compression molded for 
dynamic mechanical determinations using the procedure described above. 

The dynamic mechanical results are shown in Figure 1. The storage modulus 
dau at -26«C and at li-C. the -26« to 24»C ratio and ti.e storage modulus increase 
5 relative to neat VECTOR 8508 are shown InTable 3. 
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Table 3 

Elasticity of S^ene/Butadiene/Styrene Blends 



Example/ 
Comp. 
Run 


Composition 


Storage 
Modulus 
(E*) at -26-0 
dynes/cm^ 


Storage 
Modulus 
(F) at24**C, 
dynes/cm^ 


-26V24**C 
Storage 
Modulus 
Ratio 


Blend to 
Neat 
Copolymer 

Storage 
Modulus at 
-26*C 


Katioof 
Blend to 
Neat 
Copoljrmer 

Storage 
Modulus at 
24*C 


6 


75 percent VECTOR 
8508 

25 percent ENGAGE 
EG8200 


6.21X 108 


358x 10^ 


1.73 


1.64 


1.26 


/ 


inn n^rrmt VECTOR 
8508 


3.79x 10^ 


2.83X 10^ 


1.34 






8 


50 percent VECTOR 
QRna 

ODVJO 

50 percent ENGAGE 
EG8200 


3.50X Vfi 


1.19X 10^ 


2.94 


0.92 


0.42 




Z9 percoic vcv^i wjv 
8508 

75 percent ENGAGE 
EG8200 


A 92x 10* 


1.02x 10^ 


4.82 


1.30 


036 




100 percent ENGAGE 
EG8200 


5.77xl08 


8.92X 10^ 


6.46 


152 


032 



'Comparative example only; not an example ot the present invention. 



The dynamic mechanical data in Figure 1 surprisingly reveals that addition of 
25 and 50 weight percent ENGAGE EG8200 to VECTOR 8508 did not substantially 
alter the high temperahire serviceabiUty of the VECTOR 8508 block copolymer. 
That is, the neat block copolymer (Example 2) and the blend compositions 
10 comprising up to 50 weight percent ENGAGE EG8200 (Examples 1 and 3) 

maintained good integrity as indicated by a stable storage modulus at temperatures 
atleastuptoSO^C. 

Figure 2 (which indicates the predicted dynamic mechanical response of the 
compositions based on weight average contributions of tiie component materials) 
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and Table 1 show that the ratio of storage modulus at -26«»C to storage modulus at 
24-C did not increase as rapidly as expected based on weight average contribution 
of the two components. In fact these blend compositions were, surprisingly, more 
elastic than predicted, especially at a concentration of 25 weight percent ENGAGE 
5 EG8200. 

Table 3 also indicates that the storage modulus measured at -26''C and 24*C 
for the 25 weight percent ENGAGE EG8200 blend composition (Inventive Example 
6) did not change significantly relative to neat block copolymer VECTOR 8508 at the 
same temperatures. The storage modulus at -26»C and 24<»C for Inventive Examples 
10 6 and 8 was only 0.42 to 1.64 times higher than the storage modulus at -26''C and 
24«C of neat VECTOR 8508. Such storage modulus differences are considered 
insignificant and, thereby, exemplify effective use of ENGAGE EG8200 as an 
extender for VECTOR 8508. 

A low -26" to 24«C storage modulus ratio (that is, less than 4) in combination 
15 with stable, low storage moduU (that is, less than 3.5 x 10^ dynes/cm2) over the same 
temperature range indicates that the composition possessed good elasticity in the 
range of at least -26-C to 24*0 This attiribute is important for products that must 
maintain their shape, integrity and performance over the selected temperature 
range. 

20 Similar to the dynamic mechanical storage modulus results. Figure 3 indicates 

the addition of amounts less tiian 50 weight percent of ENGAGE EG8200 did not 
substantially alter the dynamic rheological properties of VECTOR 8508, that is, *e 
response was characteristic of the block copolymer and not characteristic of the 
ethylene interpolymer. Figure 3 also indicates at low shear rates there was 

25 essentially no change in dynamic viscosity relative to the neat block copolymer and 
at high shears rates, ti^ere was only a sUght decrease in viscosity, particularly when 
25 weight percent of ENGAGE EG8200 was admixed with the block copolymer. 
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10 



By not substantiaUy altering the high temperature serviceabUity and dynamic 
mechanical and rheological properties of VECTOR 8508, these results indicate that 
ENGAGE EG8200 functioned as substantiaUy inert extender in blend combinations 

with the block copolymers. 

Blends consisting of VECTOR 4211 and ENGAGE EG8200 at weight ratios 
25/75, 50/50 and 75/25 were prepared in the same manner as described above for 
Inventive Examples 6 and 8 and Comparative Runs 7, 9 and 10. Hxe samples were 
prepared for dynamic mechanical and rheological determinations using the 
procedure described above. Hxe results are shown in Figures 4, 5 and 6. The storage 
modulus data at -26'>C and at 240C and the temperature to temperature storage 
modulus ratio as well as tiie blend composition to neat block copolymer storage 
modulus ratio are all shown in Table 4. 



15 



Table 4 

Elasticity of Styrene/lsoprene/Styrene Blends 



Example/ 
Cbmp. 
Run . 



11 



12* 



Composition 



Storage 
Modulus 



Storage 
Modulus 



CE')at-26"'C (E)at24»C, 
dynes/cm* dynes/cm* 



-26°/24''C 
Storage 
Modulus 
Ratio 



tic ot Katio of 
Blend to Blend to 
Neat Neat 

Copolymer Copolymer 

^rage Storage 

Modulus at Modulus at 
26«C 




75 percent VECTOR 
4211 

25 perra\t ENGAGE 

EG8200 
100 percent VECTOR 
4211 



1.0&C109 
2.96X 10^ 



4.60xl07 
855x107 



4.71xl08 951x167 



13 50 percent VECTOR 
4211 

50 percent ENGAGE 
EG8200 
14* 25 percmt VECTOR 
4211 

75 percent ENGAGE 
EG8200 

15» 100 percent ENGAGE 
EG8200 

• mparative example only; not an ex ample o^ the presen. owention. 



230 



3.46 



4.95 



2.79 



4.44 



5.77xl08 8.92xl07 6.46 



1.86 



2.07 
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Figure 4 surprisingly reveals that addition of 25 percent and SO percent 
ENGAGE EG8200 to VECTOR 4211 did not substantiaUy alter the high temperature 
serviceability of the block copolymer. Table 4 and Figure s show that the ratio of 
storage modulus at -26*»C to storage modulus at 24»C for these samples did not 
substantially increase as predicted based on the weight percentage contributions of 
the two components. SimUar to the above Inventive Examples 6 and 8, ENGAGE 
EG8200 /VECTOR 4211 blends compriising up to 50 weight percent ENGAGE 
EG8200 (Inventive Examples 6 and 8) were surprisingly more elastic than expected. 

Also, the -24*> to 24«C storage modulus ratios of Inventive Examples 11 and 13 
was less than 4 and their storage moduU at -26oC and 24°C, which ranged from 1.86 
to 2.79 times higher, were not substantially different from tiiat of neat VECTOR 
4211. Similar to tiie dynamic mechanical storage modulus results. Figure 6 indicates 
tiie addition of amounts up to 50 weight percent of ENGAGE EG8200 did not 
substantially alter tite dynamic rheological properties of VECTOR 4211, p^articularly 
when 25 weight percent of ENGAGE EG8200 was admbced with tiie block 
copolymer. Tliese elasticity and rheological results indicate tiiat ENGAGE EG8200 
functioned essentiaUy as a substantially inert extender inblend combinations witit 
VECTOR 4211, a styrene/isoprene/styrene block copolymer. 

In still another evaluation using tiie same sample preparation and testing 
procedures indicated in Inventive Examples 6 and 8 and Comparative Runs 7, 9 and 
10 above, similar results were obtained for blend compositions comprising 
KRATON G-1650 and ENGAGE EG8200. Figures 7 and 8 and Table 5 show that for 
blend compositions comprising less tixan 50 weight percent ENGAGE EG8200, the 
dynamic properties of such blends were substantially unchanged relative to neat 
KRATON G-1650. 
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Table 5 

Elasticity of Styiene/Ethylote-Butene/Styrene Blends 



Cbmp. 
Run 


Composition 


Storage 
Modulus 
(F)at-26»C, 
dynes/cm* 


Storage 
Modulus 
(E) at24^a 
dynes/an^ 


-26»/24»C 
Storage 
Modulus 
Ratio 


Blend to 
Neat 
Copolymer 

Storage 
Modulus at 
-26»C 


Ratio of 
Blend to 
Neat 
Copolymer 

Storage 
Modulus at 
24*C 


16 


75 peicent KRATON 

G1650 
25 percent ENGAGE 

EG8200 


9.13X 108 


2.71x10* 


337 


0.44 


0.25 


17* 


100 percent KRATON 
G1650 


2.08x 10^ 


l.Uox lO' 


1 OA 






18 


50 percent KRATON 

G1650 
50 percent ENGAGE 

EG8200 


5^89x10^ 


131x10^ 


4.50 


0.28 


0.12 


19» 


25 percent KRATON 

G1650 
75 percent ENGAGE 

EG8200 


634x 10^ 


1.27x10* 


4.99 


030 


0.12 


20* 


100 peicent ENGAGE 
EG8200 


5.77x10^ 


8.92x10^ 


6.46 


0.28 


0.08 



''Comparative example only; not an example ot me present invention. 



5 

In another evaluation, the above Haake torque sample preparation and 
dynamic mechanical testing procedures were performed using 25 weight percent of 
several different thermoelastic polymers in VECTOR 4211 block copolymer. The 
thermoelastic polymers included ENGAGE EG8200, ATTANE 4203, TAFMER 
10 P0480, EXACT 3027 and an 18 weight percent vinyl acetate EVA copolymer. Table 4 
shows the description of the blend compositions and their respective storage 
modulus data. Figure 9 shows the storage modulus versus temperature data for the 
blend compositions. Figure 9 and Table 4 indicate all the thermoelastic polymers in 
the evaluation hmctioned as substantially inert extenders for VECTOR 4211, except 

15 the EVA copolymer. While the -26» to 24«'C storage modulus ratio of the EVA blend 
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composition (Comparative Run 24) was low and simUar to the other thermoelastic 
blend compositions in the evaluation, the storage modulus of the EVA blend 
composition at -26«C and lA'^C was several times higher (that is, 4.3 and 5.92 times 
higher) than that for the cotresponding neat block copolymer (Comparative Run 12). 

Table 6 
Blend Composition Descriptions 
For Various Thermoelastic Polymers at 25 Weight Percent 



15 



Example/ 
Comp. 
Run 



Composition 



-Stooge -26V24»C Katioot gadoof 

Modulus Storage ^eat Neat 

(E;at-26<'C, (E')at24-C Modulus Co^tymer Co^tymer 

Modulus at Modulus at 



Storage 
Modulus 




12* 
22* 

23» 

24* 

25 



> percent 
*^ 4211 
25 pefcent ENGAGE 
EG8200 

100 percent VECTOR 
4211 

75 peicent VECTOR 
4211 

25 percent ATT ANE 
^ 4203 

75 percent VECTOR 

^ 4211 
25 percent TAFMER 
P0480 

75 percent VECTOR 
4211 

25 percent EVA(18 
percent VA) 

75 percent VECTOR 
4211 

25 percent EXACT 3027 



1.06X 
2j02x 10* 

1.87x108 
657x 10* 



4.60X VP 
859x 10^ 

8.12X lO^ 

1.98X 



230 
235 

230 

3.17 



2.20x108 933x107 236 



1.91 



1.76 



5.92 



2.07 



1.87 



1.77 



430 



2.03 



10 ^Comparative example only; not an example the present invenaon. 



Table 7 below indicates that although ATTANE 4403 did not appear to 
substantially alter the storage modulus/elasticity of block copolymers, it did 
substantially alter the hardness of the VECTOR 8508 block copolymer at 25 weight 
percent addition levels and, as such, like EVA copolymers, is not a substantially 
inert thermoelastic extender within the purview of the present invention. Changes 
in Shore A hardness greater than ± 3 units (as measured by AS1M-D2240) is 
considered to be a substantial alteration. The inabUity of ATTANE 4203 to perform 
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com] 
se 



as an inert extender is believed to be due to its higher polymer density (that is, 0.905 
g/cc) abd general lack of compositional homogeneity. Similarly, at least for 
positions comprised of block copolymers with unsaturated rubber monomer 
gments, as the density of the ethylene interpolymcr used in the present invention 
decreased, proportionaUy higher amounts of the ethylene interpolymer were 
permissible while still maintaining the substantial inertness discovered by the 
Applicants. See Inventive Examples 8 and 13. 



Table? 

Effect of Thermoelasac Polymers on Block Copolymer Hardness 



Example/ 


Compositioh 


Shore A 
Hardrtess 


6 


^ 8508 
25 percent ENGAGE 
^ EG8200 


73 


7» 


100 percent VECTOR 
^ 8508 


74 


25* 


75 percent VECTOR 
8508 

25 percent TAFMER 
P0480 


73 








75 percent VECTOR 
8508 

25 percent ATTANE 
4203 


78 

ipleof thepresei 



In stai another evaluation, the response of KRATON Gl^SO to thermal 
processing was determined in a Haake torque mixer. As shown in Figures 10 and 
11, Haake torque evaluation results indicated that ENGAGE EG8200 functioned as a 
fusion promoter and substantially improved the processability of KRATON G16S0. 
Figure 10 shows the Haake torque of neat KRATON G1650 at 240-C. At 230^C, neat 
block copolymer KRATON G1650 (Comparative Run 12) did not melt in a Haake 
torque mixer. At 240-C, an induction delay time of 3 minutes was required to melt 
and hise KRATON G1650 into a molten processable sample. In addition to the 
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increased energy requirement. Figure 10 indicates an additional processiitg 
disadvantage. As a consequence of the delay time. Figure 10 indicates the neat block 
copolymer was rendered more susceptible to thermal scissioit (instabiUty) as 
maiufested by significant torque decreases over the test period. 

However, Figure 11 indicates the addition of 25 weight percent of ENGAGE 
EG8200 (Inveiitive Example 16 blend composition) allowed melting and fusion after 
1 minute of processing at a lower processing temperature, that is, below IZO^'C. 
Figure 11 also indicates the resultant blend composition was more thermally stable 
as indicated by a moderate torque increase over an extended test period. Figure 12, 
where the blend composition comprises 50 weight percent TAFMER P0480 in 
KRA10N G1650 (Comparative Run 27), indicates similar results regarding fusion 
and processibiUty enhancement were obtained using TAFMER F0480 in regards to 
promoting processabiUty without an extended induction period, however, &e 
relative lower torque values suggested no real fusion occurred. 

In still another evaluation, the dynamic mechanical properties of VECTOR 
4211 was repetitively determined with and without exposure to a Haake torque 
mixer as described in the blend composition sample preparation procedures above. 
Table 6 shows the sample descriptions for this evaluation and Figure 13 shows the 
storage modulus elasticity data. A comparison between Comparative Runs 12 and 
28 on the one hand and Comparative Runs 29-31 as plotted in Figure 13 indicates 
VECTOR 4211 is highly sensitive to Haake torque exposure. Further, a comparison 
between Comparative Runs 29-31 as plotted in Figure 13 and Inventive Examples 11 
and Comparative Runs 20, 22 and 23 as plotted in Figure 9 shows various 
thermoelastic polymers (that is, ATTANE 4203, TAFMER P0480, EXACT 3027 and 
ENGAGE EG8200 at 25 weight percent loadings) significantly improved the Haake 
tiiermal shear or processing stabiUty of the KRATON GlfiSO block copolymer. That 
is, these polymers allowed lower storage moduU throughout the temperature range 
of -26'»C to 24''C that better approximates the neat, non-Haake exposed block 
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copolymers (Comparative Runs 12 and 28) whUe the neat block copolymers showed 
higher storage moduU throughout the same range when processed in the Haake 
nuxer (Comparative Runs 29-31). However, a comparison between EVA blend 
compositions at 25 and 50 weight percent in VECTOR 4211 as plotted in Figure 9 
with the neat, Haake-exposed block copolymers (Comparative Runs 29^1) as 
plotted in Figure 12 indicates EVA did not provide similar improvements in thermal 
stability. 

Tables 

Haake Exposure of VECTOR 4211 



Comparative 




Haake Exposure 
7min. at60rpm 


12* 


100 percent 
VECTOR 4211 


None 


28* 


100 percent 
VECTOR4211 


None 


29* 


100 percent 
VECTOR 4211 


Yes 


30* 


100 percent 
VECTOR 4211 


Yes 


31* 


100 percent 
VECTOR 4211 


Yes 

camole ot the present invc 
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Claims : 

1, A thermoplastic elastomeric blend composition comprising (a) from 50 
to 99 percent by weight of the total composition of at least one styreruc block 
copolymer and (b) from 1 to 50 percent by weight of the total composition of at least 
one substantially linear ethylene/a-olefin interpolymer, wherein the substantially 
linear ethylene/a-olefin interpolymer comprises at least one C3-C20 a-olefin and is 
characterized as having 

i. a density from 0.855 g/cc to 0.905 g/cc, 

ii. a short chain branching distribution index (SCBDI) greater than 
50 percent, 

iii. a single melting point, as determined using differential scanning 
calorimetry (DSC). 

iv. a melt flow ratio, I10/I2/ ^ 5.63, 

V. a molecular weight distribution, Mw/Mn, defined by the 
equation: Mw/Mn S (I10/I2) - 4.63 , aiul 

vi. a critical shear rate at onset of surface melt fracture at least 50 

percent greater than the critical shear rate at onset of stirf ace melt 
fracture of a linear ethylene /C3-C20 a-olefin interpolymer having 
about the same I2 and M^/Mn. 

2. The composition of Claim 1, wherein the substantially linear 
ethylene/a-olefin interpolymer is a substantially inert extender of the styrene block 
copolymer and the composition is characterized as having: 

i. storage moduli throughout the range of -26*»C to 24*C of less than 
33 X 109 dynes/cm2, 

ii. a ratio of storage modulus at -26'*C to storage modulus at 24'C of 
less than 4, and 

iu. storage moduli at -26*'C and 24«*C 0.2 to 3 times higher than the 
storage moduli at -26°C and 24°C, respectively, of the neat block 
copolymer portion of the composition. 
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3. The composition of Claim 1 wherein said substantially linear ethylene 
interpolymer is further characterized as having from 0.01 long chain branches/ 1000 
carbons to 3 long chain branches/1000 carbons along the poljmner backbone. 

5 4. The composition of Claim 1 wherein the at least one C3-C20 a-olefin 

selected from the group consisting of 1-propylene, 1-butene, 4-methyl-l-pentene, 1- 
hexene and 1-octene. 

5. The composition of Claim 4 wherein the ethylene interpolyiner is a 
10 copolymer of ethylene and 1-octene. 

6. The composition of Claim 1 wherein the substantially Unear ethylene/a- 
olefin interpolymer has a density in the range of 0.86 g/cc to 0.89 g/cc. 

15 7. The composition of Claim 1 wherein the styreiuc segment is styrene. 

8- The composition of Claim 1 wherein the styrenic block copolymer is 
selected from the group consisting styrene/butadiene/styrene, 
styrene/isoprene/styrene, styrene/ethylene-butene/styrene and styrene/ethylene- 
20 propylene/styrene. 

9. The composition of Claim 1 wherein the styrenic block copolymer has 
at least one rubber monomer segment. 

25 10. The composition of Claim 9 wherein the rubber monomer segment is 

imsaturated. 

11. The composition of Claim 10 wherein the rubber segment is selected 
from the group consisting of butadiene and isoprene. 

30 

12. The composition of Claim 9 wherein the rubber monomer segment is 
saturated. 

13. The composition of Claim 12 wherein the rubber segment is selected 
35 from the group consisting on ethylene-butene and ethylene-propylene. 
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14. The composition of Claim 1 wherein the styrenic block copolymer is 
selected from the group coi\sisting of a linear diblock polymer, a linear triblock 
polymer, a radial diblock polymer and a radial triblock polymer. 

5 15. Thecompositionof Claim 1 comprising from 60 to 95 percent by 

weight of the total composition of the styrenic block copolymer and from 5 to 40 
percent by weight of ttie total of the eUiylene interpol)rmer. 

16. A thermoplastic elastomieric blend composition comprising (a) from 70 
10 to 90 percent by weight of the total composition of a styrene/butadiene/styrene 

block copolymer containing 10 to 35 weight percent styrene and (b) from 10 to 30 by 
weight of the total composition of a substantially linear ethylene/ 1-octene 
interpolymer having a density from 0.865 to 0.885 g/cc, wherein the composition is 
characterized as having: 
15 i. storage moduli throughout the range of -26*'C to 24'*C of less than 33 x 

10^ dynes/cm2, 

iL a ratio of storage modulus at -26*'C to storage modulus at 24''C of less 
than 3, and 

20 

iii. storage moduli at -26*'C and 24*'C 0.4 to 2.2 times higher than the 
storage moduli at -26*C and 24*C, respectively, of the neat block 
copolymer portion of the comp>osition, 
and wherein the substantially linear ethylene/l-octene interpolymer is characterized 
25 as having: 

i. a short chain branching distribution index (SCBDI) greater than50 
percent, 

30 ii. a single melting point, as determined vising differential scanning 

calorimetry (DSC). 

iii. a melt flow ratio, Iio/b/ ^ 5.63, 

35 iv. a molecular weight distribution, Mw/Mn, defined by the 

equation: Mw/Mn ^ Oio/h) - 4.63 , and 

V. a critical shear rate at onset of surface melt fracture at least SO 

percent greater than the critical shear rate at onset of surface melt 
40 fracture of a linear ethylene/C3-C2o a-olefin interpolymer having 

about the same I2 and Mw/Mn, 



-44- 



wo 95/33006 



PCTAJS9S/06903 



17. The composition of Claim 15 wherein 25 percent by weight of the total 
composition is a styrene/butadiene/st3n'ene block copolymer. 

18. The composition of Claim 15 wherein 25 percent by weight of the total 
5 composition is a styrene/isoprene/styrene block copolymer. 

19. The composition of Claim 15 wherein 25 percent by weight of the total 
composition is stjnrene/ethylene-butene/styrene block copolymer. 

10 20. The composition of Claim 15 wherein 25 percent by weight of the total 

composition is st3nrene/ethylene-propylene/st3n'ene block copolymer. 

21. A thermoplastic elastomeric blend composition comprising (a) from 50 
to 99 percent by weight of the total composition of at least one styrenic block 

15 copolymer and (b) from 1 to 50 percent by weight of the total composition of at least 
one homogeneously branched linear ethylene/a-olefin interpolymer, wherein the 
homogeneously brandied linear ethylene/a-olefin interpol3rmer comprises at least 
one C3-C20 a-olefin and is characterized as having 

20 L a density from 0.855 g/cc to 0.905 g/cc, 

ii. a short chain branching distribution index (SCBDI) greater than 
50 percent, and 

25 iii. a single melting point, as determined using differential scanning 

calorimetry (DSC). 

22. A method making a fabricated article in the form of a film, fiber or 
molding comprising: 

30 (a) providing a composition comprising from 99 to 50 percent by weight 

of the total composition of at least one styrenic block copolymer and (b) from 1 to 50 
percent by weight of the total composition of at least one substantially linear 
ethylene/a-olefin interpolymer, wherein the substantially linear ethylene/a-olefin 
interpolymer comprises at least one C3-C20 a-olefin and is <:haracterized as having 

35 
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i. a density from 0.855 g/cc to 0-905 g/cc, 

ii. a short chain branching distribution index (SCBDI) greater than 
about 50 percent, 

iii. a single melting point, as determined using differential scaniung 
calorimetry (DSC). 

iv. a melt flow ratio, I10/I2/ ^ 5.63, 

V. a molecular weight distribution, Mw/Mn, defined by the 
equation: Mw/Mn S (ho/h) - 4.63 , and 

vi. a critical shear rate at onset of surface melt fracture at least 50 

percent greater than the critical shear rate at onset of surface melt 
fracture of a linear ethylene/C3-C2oOt-ol^fi^ interpolymer having 
about the same I2 and Mw/Mn; 

(b) heating the composition to a temperature sufficient to form the 
composition into a fabricated article; 

(c) forming the heated composition into a film, fiber or molded 
article; and 

(d) collecting the film, fiber or molded article or transferring the 
film, fiber or molded article for furtiier processing. 
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SET TEMPERATURE 240**C 
I Comparalive Run 17 
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SET TEMPERATURE* 220*»C 
Inventive Example 16 



T 1 1 -i T 

TIME (SEC) 
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SET TEMPERATURE: 220«C 
Comparative Run 27 



T 1 1 1 1 1 » 

2400 

TIME (SEC) 
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